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To provide an organic electroluminescent device and a 
method of manufacturing the same, in Which the organic 
electroluminescent device has an organic functional layer 
formed by a liquid phase method, the organic functional 
layer formed in a uniform thickness While maintaining an 
aperture ratio, thereby obtaining a uniform and high efficient 
emission. According to an organic EL device of the present 
invention, an organic EL element having an organic func 
tional layer interposed betWeen a pixel electrode and a 

(22) Flled' Feb‘ 14’ 2005 common electrode is arranged on a substrate, and the 

(30) Foreign Application Priority Data organic functional layer is arranged in a region surrounded 
by a bank arranged along the periphery of the pixel elec 

Feb. 26, 2004 (JP) .................................... .. 2004-051663 trode, and-at the Same time, a hole injection layer and a 
Nov. 12, 2004 (JP) .................................... .. 2004-328591 light-emitting layer are Stacked at the piXel electrode A 

convex portion protruded at the hole injection layer is 
Publication Classi?cation arranged on the pixel electrode and a part of the hole 

injection layer is interposed betWeen the convex portion and 
(51) Int. Cl.7 ................................................... .. H05B 33/00 the light-emitting layer. 
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ORGANIC ELECTROLUMINESCENT DEVICE, 
METHOD OF MANUFACTURING ORGANIC 
ELECTROLUMINESCENT DEVICE, AND 

ELECTRONIC APPARATUS 

BACKGROUND 

[0001] The present invention relates to an organic elec 
troluminescent device, a method of manufacturing the 
organic electroluminescent device, and an electronic appa 
ratus. 

[0002] In recent years, an organic EL device using an 
organic EL (electroluminescent) element, Which is a self 
emission element, as a pixel has been proposed. The organic 
EL device has an organic functional layer, such as a light 
emitting layer, interposed betWeen an anode and a cathode, 
and recently, the organic EL device using a method of 
arranging liquid material containing resolved organic mate 
rial in patterns on a substrate according to an inkjet method 
has been developed. For the organic EL device, it is possible 
to eXactly form the organic functional layer on the substrate 
by providing a partition member partitioning each piXel on 
the substrate, and ejecting the liquid material into the region 
surrounded by the partition member. 

[0003] For eXample, Patent Document 1 proposed that, by 
a liquid-repellent processing on a surface of the partition 
member having tWo-layered structure made of different 
material, liquid material is uniformly arranged on an elec 
trode by the difference of affinity to the liquid material. 

[0004] [Patent Document 1] Japanese Patent No. 3328297 

[0005] [Patent Document 2] Japanese Unexamined Patent 
Application Publication No. 2003-272872 

SUMMARY 

[0006] According to the conventional art, it is possible to 
achieve a constant effect on uniform liquid material depos 
ited on the electrode. HoWever, according to the technique 
disclosed in Patent Document 1, the af?nity to liquid mate 
rial is performed using the member arranged around the 
electrode so that, When the amount of deposition of the 
liquid material on the ?at area of the electrode, it may not 
have suf?cient eXposed spreading. In addition, according to 
the technique disclosed in Patent Document 2, When the 
region partitioned by the conveX portion is fabricated to 
signi?cantly small, a problem of the ink eXposed spreading 
may not occur. HoWever, With this, an aperture ratio of the 
piXel is degraded accordingly so that a suf?cient display 
luminance cannot be achieved. 

[0007] The present invention is devised to solve the 
above-mentioned problems, and an object of the present 
invention is to provide an organic electroluminescent device 
and a fabrication method thereof having an organic func 
tional layer formed through a liquid phase method, in Which 
the organic functional layer is formed uniformly in thickness 
While maintaining the aperture ratio, With a uniform and 
high luminance. 

[0008] In order to achieve the above-mentioned objects, 
the present invention provides an organic electrolumines 
cent device in Which an organic EL element having an 
organic functional layer interposed betWeen a ?rst electrode 
and a second electrode, Wherein the organic functional layer 
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is arranged in a region surrounded by a partition member 
arranged along a periphery of the ?rst electrode, and has a 
charge transport layer and a light-emitting layer formed on 
the ?rst electrode, Wherein a conveX portion protruding 
toWard the charge transport layer is arranged on the ?rst 
electrode, and Wherein a part of the charge transport layer is 
interposed betWeen the conveX portion and the light-emit 
ting layer. 
[0009] When the charge transport layer is formed through 
a liquid phase method, material for forming the charge 
transport layer and liquid material containing solvent are 
prepared to form the charge transport layer through dry 
solidi?cation. Here, according to the present invention, a 
conveX portion is arranged betWeen the ?rst electrode and 
the organic function layer, and the conveX portion can 
prevent the liquid material from ?oWing on the piXels When 
dry solidifying the liquid material so that the solidi?cation in 
the tilted state can be prevented. With this, the charge 
transport layer can be formed in a uniform layer thickness 
and quality. Therefore, a light-emitting layer formed on the 
charge transport layer is ?attened so that a uniform emission 
can be obtained by using the organic functional layer having 
the uniform layer thickness and quality. In addition, With the 
uniform layer thickness, short-circuit betWeen the electrodes 
is favorably prevented, so that an organic EL (electrolumi 
nescent) device having an eXcellent reliability can be 
obtained. 

[0010] Further, the charge transport layer is also inter 
posed betWeen the conveX portion and the light-emitting 
layer, so that the charge transport to the light-emitting layer 
is not blocked by arranging the conveX portion and the 
light-emitting layer can emit all over the surface. In other 
Words, even With the conveX portion, the aperture ratio is not 
degraded. 
[0011] Furthermore, the conveX portion also has an effect 
of enhancing emission ef?ciency of the organic EL element. 
Light generated in the emission layer of the organic EL 
element makes an isotropic emission so that light emitted as 
a display light largely comes to be light emitted in the 
direction of thickness of the organic functional layer, so that 
a propagated light component in the plane direction of the 
organic functional layer does not substantially contribute to 
the display. Here, by arranging the conveX portion protruded 
from the electrode plane as in the present invention, the 
propagation direction of the optical component propagating 
in the plane direction can be re?ected or refracted at the 
conveX portion. Therefore, it is possible to emit the corre 
sponding optical component in the displayed light. 

[0012] In the organic electroluminescent device of the 
present invention, the conveX portion may be formed on the 
?rst electrode substantially in a stripe shape seen from the 
plane. With this construction, When the charge transport 
layer is formed using a liquid phase method, liquid material 
arranged in the region surrounded by the partition member 
can ?oW along the conveX portion in a substantial stripe 
shape, so that it is possible to form the charge transport layer 
having a uniform thickness by ?lling liquid material uni 
formly into the above-mentioned region. 

[0013] In the organic electroluminescent device of the 
present invention, the conveX portion in a substantial stripe 
shape in plan vieW may eXtend along the longitudinal 
direction of the organic EL element. With this construction, 
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it is possible to uniformly arrange liquid material in the 
longitudinal direction of the element in Which liquid mate 
rial is apt to be unevenly distributed. Therefore, the uniform 
layer thickness can be obtained. 

[0014] In the organic electroluminescent device of the 
present invention, the conveX portion may be made of a 
contour of dotted protrusions, and a plurality of conveX 
portions may be formed on the ?rst electrode. With this 
construction, liquid material can be favorably retained due 
to the conveX portion, so that liquid material can be uni 
formly arranged on the ?rst electrode and the thickness of 
the charge transport layer to be formed can be uniform. 

[0015] In the organic electroluminescent device of the 
present invention, the protrusion of the conveX portion may 
be arranged on the ?rst electrode in a constant interval. With 
this construction, liquid material can be uniformly retained 
all over the surface of the ?rst electrode, so that the thickness 
of the charge transport layer to be formed can be uniform. 

[0016] In the organic electroluminescent device of the 
present invention, the protrusion of the conveX portion may 
be arranged on the peripheral region on the ?rst electrode in 
a high density. In other Words, the protrusion may be 
arranged in a gap at a speci?c place (electrode peripheral 
unit). With this construction, liquid material arranged on the 
?rst electrode is formed in a semi-spherical shape (dome 
shape) due to a surface tension so that the uneven distribu 
tion thereof on the ?rst electrode can be prevented. 

[0017] In the organic electroluminescent device of the 
present invention, the protrusion of the conveX portion may 
be arranged on the respective portion of the ?rst electrode in 
a high density. With this construction, liquid material can be 
retained in the respective portions so that the charge trans 
port layer can be formed in a uniform thickness all over the 
surface of the electrode. 

[0018] In the organic electroluminescent device of the 
present invention, the protrusion of the conveX portion may 
be arranged at the center of the region on the ?rst electrode 
in a high density. With this construction, it is particularly 
effective When the region on the ?rst electrode has an 
elongated plane shape. In fact, on the ?rst electrode having 
the elongated shape, liquid material tends to be tilted to the 
end of the longitudinal direction, but by arranging the 
conveX portion at the center on the ?rst electrode in a high 
density, liquid material can be retained at the center of the 
region on the ?rst electrode and the thickness of the charge 
transport layer to be formed can be uniform. 

[0019] In the organic electroluminescent device of the 
present invention, the conveX portion may have a tilting 
plane on the sideWall. With this construction, the thickness 
variation in the charge transport layer can be relieved and the 
degradation of the charge transport efficiency can be pre 
vented, so that the uniform emission can be obtained. In 
addition, With the tilting plane, When the optical component 
in the plane direction of the organic functional layer of light 
generated from the emission layer is incident to the tilting 
plane, it is possible to easily emit the optical component in 
the thickness direction to contribute the light emission 
ef?ciency of the organic EL device. 

[0020] In the organic electroluminescent device of the 
present invention, the conveX portion may be made of the 
same material as that of at least a portion of the partition 
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member. With this construction, the conveX portion can be 
formed at the same time When forming the partition member. 
Therefore, Without increasing the number of processing, the 
emission characteristic can be alWays improved. 

[0021] In the organic electroluminescent device of the 
present invention, the partition member may comprise a ?rst 
layer made of an inorganic insulating material, and a second 
layer made of an organic insulating material stacked thereon, 
and the conveX portion may be made of the same material as 
that of the ?rst layer. With this construction, the conveX 
portion can be formed at the same time When forming the 
?rst layer so that the effective fabrication is available. In 
addition to that, With the conveX portion made of an inor 
ganic insulating material, it is easy to enhance the af?nity of 
liquid material compared With the second layer made of an 
organic insulating material. Therefore, liquid material can 
have a favorable eXposed spreading on the ?rst electrode and 
the uniformity of the charge transport layer can be further 
improved. 
[0022] In the organic electroluminescent device of the 
present invention, the conveX portion may occupy a part of 
the ?rst electrode. In other Words, the conveX portion may be 
formed through a process of the surface of the ?rst electrode. 

[0023] In the organic electroluminescent device of the 
present invention, the charge transport layer may be one or 
a plurality of conductive layers, and the conveX portion may 
be arranged across the respective conductive layers in the 
thickness direction of the layer. In other Words, even When 
the charge transport layer has a plurality of stacked layers, 
at least a portion of the uppermost layer (outermost emission 
layer side) of the conductive layer may be interposed 
betWeen the emission layer and the charge transport layer. 
[0024] Next, the present invention provides a method of 
manufacturing an organic electroluminescent device in 
Which organic EL elements each having a ?rst electrode, an 
organic function layer having a transport layer and a light 
emitting layer, and a second electrode formed in this order 
are arranged on a substrate, comprising: a step of forming a 
?rst electrode on the substrate; a step of forming a conveX 
portion on the ?rst electrode; a step of arranging a partition 
member along a periphery of the ?rst electrode; a step of 
providing liquid material containing charge transport mate 
rial in a region surrounded by the partition member; and a 
step of forming a charge transport layer that covers the 
conveX portion by drying the liquid material. 
[0025] With this fabrication method, by forming the con 
veX portion on the ?rst electrode, liquid material is deposited 
on the electrode on Which the conveX portion is arranged. 
Therefore, While drying liquid material, the uneven unifor 
mity of liquid material can be prevented due to the conveX 
portion so that the charge transport layer can be formed in 
the uniform thickness. Moreover, since the light-emitting 
layer is ?attened, the organic EL device having a favorable 
emission characteristic can be fabricated. In addition, since 
the charge transport layer is formed With the conveX portion 
covered, the organic EL device having a high aperture ratio 
can be fabricated Without degrading the charge transporta 
tion. 

[0026] In the method of manufacturing the organic elec 
troluminescent device of the present invention, the step of 
forming the conveX portion and the step of arranging the 
partition member may be performed during the same pro 
cess. 
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[0027] Furthermore, in the method of manufacturing the 
organic electroluminescent device of the present invention, 
the step of arranging the partition member may comprise a 
step of forming a ?rst layer made of an inorganic insulating 
material on the substrate, and a forming a second layer made 
of an organic insulating material, and in the step of forming 
the ?rst layer, the convex portion may be made of the 
inorganic insulating material. 

[0028] With this fabrication method, since the step of 
forming the partition member can be formed at the same 
time When forming the convex portion, an addition step of 
forming the convex portion is not necessary, so that the 
fabrication can be effectively performed. In addition, pro 
cessing using the conventional process is facilitated. 

[0029] In the method of manufacturing the organic elec 
troluminescent device of the present invention, before 
arranging the liquid material, the surface af?nity of the 
convex portion for the liquid material may be set to be 
higher than the surface affinity of the ?rst electrode for the 
liquid material. With this method, When liquid material is 
deposited on the ?rst electrode having the convex portion 
thereon, liquid material can be spread due to the convex 
portion and the uniformity of the charge transport layer to be 
formed can be accomplished. 

[0030] In the method of manufacturing the organic elec 
troluminescent device of the present invention, the step of 
forming the convex portion may be a step of partially 
removing a surface of the ?rst electrode. In other Words, the 
?rst electrode may be formed to have the convex portion. In 
this case, the thickness of the charge transport layer can be 
uniform due to the convex portion and the organic EL device 
having a favorable emission characteristic can be obtained. 

[0031] Next, an electronic apparatus of the present inven 
tion may comprise an organic electroluminescent device of 
the present invention described above. With this construc 
tion, the electronic apparatus having a display unit With 
Which a high brightness, high contrast and a high quality 
display can be made is provided With the organic EL device 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a circuit diagram of an organic EL device 
according to the ?rst embodiment of the present invention; 

[0033] FIGS. 2A and 2B are plan vieWs of the organic EL 
device of FIG. 1; 

[0034] FIGS. 3A and 3B are cross sectional vieWs taken 
along a line A-A of FIG. 2; 

[0035] FIG. 4 is a perspective vieW of a liquid droplet 
ejection head; 
[0036] FIG. 5 is a diagram for explaining a liquid droplet 
ejection head; 
[0037] FIG. 6 is a diagram for explaining a liquid droplet 
ejection head; 
[0038] FIGS. 7A-7D are cross sectional vieWs shoWing a 
fabrication process of an organic EL device according to an 
embodiment of the present invention; 

[0039] FIGS. 8A-8C are cross sectional vieWs shoWing a 
fabrication process of an organic EL device according to an 
embodiment of the present invention; 
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[0040] FIG. 9 is a diagram for explaining operation of 
fabrication of an organic EL device; 

[0041] FIG. 10 is a cross sectional vieW of an organic EL 
device according to the second embodiment of the present 
invention; 
[0042] FIG. 11 is a perspective vieW shoWing an example 
of an electronic apparatus; 

[0043] FIG. 12 is a cross sectional vieW of an organic EL 
element according to the ?rst embodiment of the present 
invention; 
[0044] FIGS. 13A-13D are plan vieWs shoWing an 
organic EL device according to the third embodiment of the 
present invention; and 

[0045] FIGS. 14A-14C are cross sectional vieWs shoWing 
a fabrication process of an organic EL device. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0046] (Organic EL Device) 
[0047] Hereinafter, exemplary embodiments according to 
the present invention Will be described With reference to the 
accompanying draWings. In the folloWing embodiments, the 
organic EL element Will be described by exemplifying an 
organic EL device (organic electroluminescent device) 
arranged on a substrate as a pixel. This organic EL device 
can be appropriately used as display means of an electronic 
apparatus, for example. 

First Embodiment 

[0048] FIG. 1 is a circuit con?guration diagram of an 
organic EL device according to a ?rst embodiment of the 
present invention, and FIG. 2 is a diagram shoWing a plane 
structure of each pixel 71 Which the organic EL device 
includes, Where FIG. 2(a) is a diagram mainly shoWing a 
pixel driving portion of the TFT and the like of the pixel 71, 
and FIG. 2(b) is a diagram shoWing a bank (partition 
member) for partitioning the pixels. In addition, FIG. 3(a) 
is a cross-sectional vieW taken along the line A-A of FIG. 
2(a), and FIG. 3(b) is an enlarged diagram of a region B 
shoWn in FIG. 3(a). 

[0049] As shoWn in FIG. 1, the organic EL device 70 
comprises a plurality of scanning lines (Wiring lines and 
poWer transmission unit) 131, a plurality of signal lines 
(Wiring, poWer transmission line) 132 extending along a 
direction crossing the scanning lines 131, and a plurality of 
common poWer supply lines (Wiring, poWer transmission 
line) 133 extending parallel to the signal lines 132, respec 
tively on a transparent substrate, in Which pixels (pixel 
regions) 71 are arranged at the intersections of the scanning 
lines 131 and the signal lines 132. 

[0050] A data line driving circuit 72 including a shift 
register, a level shifter, a video line, and an analog sWitch is 
arranged on the signal lines 132. Further, a scanning line 
driving circuit 73 including a shift register and a level shifter 
and the like is arranged on the scanning lines 131. In 
addition, for each of the pixel regions 71, there are provided 
a sWitching thin ?lm transistor (TFT) 142 for supplying the 
scanning signal to the gate electrode through the scanning 
line 131; a storage capacitor cap for storing an image signal 
(poWer) supplied from the signal line 132 through the 
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switching thin ?lm transistor (TFT) 142; a driving TFT 143 
in Which the image signal stored by the storage capacitor cap 
is supplied to the gate electrode; a piXel electrode 141 into 
Which a driving current ?oWs from the common supply line 
133 When electrically connected to the common supply line 
133 through the driving TFT 143; and a light-emitting unit 
140 interposed betWeen the piXel electrode 141 and the 
common electrode 154. In addition, the organic EL element 
according to the present invention comprises the piXel 
electrode 141, the common electrode 154, and the light 
emitting unit 140. 

[0051] With the above-mentioned construction, When the 
scanning 131 is driven to turn on the sWitching TFT 142, the 
electric potential of the signal line 132 at that time is stored 
into the storage capacitor cap, so that the driving TFT 143 
is turned off/on according to the storage capacitor cap. In 
addition, a current ?oWs from the common supply line 133 
to the piXel electrode 141 through a channel of the driving 
TFT 143, so that a current ?oWs to the common electrode 
154 through the light-emitting unit 140. Thus, the light 
emitting unit 140 emits light according to the amount of the 
current. 

[0052] Next, for a plane structure of the piXel 71 shoWn in 
FIG. 2(a), four sides of the piXel electrode 141 having a 
substantially rectangular shape in plan vieW are surrounded 
by the signal line 132, the common supply line 133, the 
scanning line 131, and the scanning line for the other piXel 
electrode, Which is not shoWn. In addition, for a cross 
sectional structure of the piXel 71 shoWn in FIG. 3(a), the 
driving TFT 143 is arranged on a substrate (base) P, and the 
organic EL element 200 is formed on the substrate P With a 
plurality of insulating ?lms formed by covering the driving 
TFT 143 interposed therebetWeen. The organic EL element 
200 is mainly composed of an organic functional layer 140 
provided in a region surrounded by banks (partition mem 
bers) 150 arranged on the substrate P, and has the organic 
functional layer interposed betWeen the piXel electrode 141 
and the common electrode 154. 

[0053] Here, from the plane structure shoWn in FIG. 2(b), 
each bank 150 has an opening 151 Which corresponds to the 
formation region of the piXel electrode 141 and having a 
substantially rectangular shape in a plan vieW, and the 
above-mentioned organic functional layer 140 is previously 
formed in the opening 151. In addition, as shoWn in FIGS. 
2(b) and 3(a), a plurality of (four) conveX portions 149a are 
arranged on the surface of the piXel electrode 141 in a stripe 
shape in a plan vieW. 

[0054] In addition, as shoWn in FIG. 3(a), the driving TFT 
143 is largely composed of a gate electrode 143A facing a 
channel region 143c via a gate insulating ?lm 220 formed on 
a semiconductor layer, a source region 143a, a drain region 
143b, and a channel region 143c formed on the semicon 
ductor ?lm 210. A ?rst interlayer insulating ?lm 230 cov 
ering the semiconductor ?lm 210 and the gate insulating ?lm 
220 is formed, and a drain electrode 236 and a source 
electrode 238 are buried in contact holes 232 and 234 Which 
reach to a semiconductor ?lm 210 by passing through the 
?rst interlayer dielectric layer 230, and the respective elec 
trodes are electrically connected to the drain region 143b 
and the source region 143a. A second planariZation insulat 
ing ?lm 240 is formed on the ?rst interlayer insulating ?lm 
230, and a part of the piXel electrode 141 is buried in the 
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contact hole arranged into the second planariZation insulat 
ing ?lm 240. In addition, the drain electrode 236 is electri 
cally connected to the piXel electrode 141, and the driving 
TFT 143 and the piXel electrode 141 (organic EL element 
200) are electrically connected to each other. An inorganic 
bank (?rst layer) 149 made of an inorganic insulating 
material is formed on a part of the circumference portion of 
the piXel electrode 141 so as to be mounted on it, and the 
conveX portions 149a made of the same material are formed 
on the same layer as the inorganic bank 149 so as to protrude 
toWard the organic functional layer 140. The bank (second 
layer) 150 made of an organic material is deposited on the 
inorganic bank 149 to form the partition member in the 
organic EL device. 

[0055] In the organic EL element 200, a hole injection 
layer (charge transport layer) 140A and a light-emitting 
layer 140B are deposited on the piXel electrode 141 to form 
the common electrode 154 that covers the light-emitting 
layer 140B and the bank 150. The hole injection layer 140A 
is formed to cover the conveX portions 149a arranged on the 
piXel electrode 141, and its circumferential ends is formed to 
cover the part protruding toWard the center of the piXel 
electrode 141 from the bank 150 out of the inorganic bank 
149 arranged beloW the bank 150. 

[0056] As the substrate P, in the case of a so-called top 
emission type organic EL device, light emits at the side 
Where the organic EL element 200 is arranged, so that an 
opaque substrate as Well as a transparent substrate such as a 

glass can be used. As the opaque substrate, there can be used 
ceramics such as alumina, insulating metal steels, such as 
surface oXidiZed stainless steel, a thermosetting resin or 
thermoplastic resin, and a ?lm thereof (plastic ?lm). 

[0057] In the case of a bottom emission type organic EL 
device Where light emits through the substrate P, the piXel 
electrode 141 is formed of a transparent conductive material 
such as ITO (indium tin oXide). HoWever, in the case of a top 
emission type organic EL device, the piXel electrode 141 
needs not be the transparent material, but an appropriate 
conductive material such as metal material can be used. 

[0058] The common electrode 154 is formed on the sub 
strate P such that it covers surfaces of the light-emitting 
layer 140B and, the top and sideWall of the bank 150. A 
transparent conductive material is used as a material for 
forming the common electrode 154 in the case of the top 
emission type organic EL device. As the transparent con 
ductive material, ITO is very suitable but other light emis 
sion type conductive material can also be used. 

[0059] A cathode protection layer can be formed on the 
upper layer of the common electrode 154. With the cathode 
protection layer, at the time of a manufacturing process, the 
common electrode 154 can be prevented from corroding and 
can be made of an inorganic compound, e.g., silicon com 
pound such as silicon oXides, silicon nitrides, and silicon 
oXynitrides. By covering the common electrode 154 With the 
cathode protection layer made of the inorganic compound, 
oxygen intrusion into the common electrode 154 made of the 
inorganic oXide can be favorably prevented. In addition, the 
cathode protection layer is formed on the outer substrate of 
the plane region of the common electrode 154 With a 
thickness of from about 10 nm to 300 nm. 

[0060] In the organic EL device having the above structure 
of the present embodiment, While the conveX portions 149a 
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are arranged to partition a surface region of the pixel 
electrode 141 in a planar, the hole injection layer 140A is 
formed thereon so as to cover them. Therefore, as shoWn in 
FIG. 3(a), in a region Where the convex portion 149a does 
not exist, the hole injected from the pixel electrode 141 
serving as an anode moves straight into the hole injection 
layer 140A in the thickness direction as indicated by a path 
r1 to reach the light-emitting layer 140B. In addition, in a 
region Where the convex portion 149a is arranged, the hole 
injected from the other region moves around the convex 
portion 149a as indicated by a path r2 to reach the light 
emitting layer 140B. In other Words, even though a part of 
the pixel electrode 141 is covered With the convex portions 
149 made of an inorganic insulating material, charge trans 
port at the interface betWeen the light-emitting layer 140B 
and the hole injection layer 140A can be ensured, so that 
uniform emission can be obtained over the entire surface of 
the light-emitting layer 140B containing the formation 
regions of the convex portions 149a. 

[0061] In addition, as enlarged in FIG. 3(b), the convex 
portion 149a is formed in a substantially trapeZoid shape as 
seen from the cross section having a tilting unit 149s formed 
at the sideWall. With the convex portion 149a having the 
tilting unit 149s, a thickness difference Within the hole 
injection layer 140A can be relieved so that the organic EL 
element 200 can be stably operated. In addition, the hole 
moving inside the hole injection layer 140A easily moves 
around the convex portion 149a, thereby attributing an 
enhancement of emission ef?ciency. 

[0062] In addition, a height h of the protrusion of the 
convex portion 149a is preferably 50 nm or less, and more 
preferably 10 nm to 50 nm. With the loW protrusion height 
h, the step difference on the pixel electrode 141 decreases so 
that the uniformity in thickness of the hole injection layer 
140A is easily obtained and the hole supplied from the pixel 
electrode can easily moves around upon operation. When the 
protrusion height h is in a range of 10 nm to 50 nm, the 
emission ef?ciency increases and becomes stable so that the 
hole injection layer 140A having the uniform thickness can 
be formed. Further, When the protrusion height is above 50 
nm, the thickness difference in the hole injection layer 140A 
increases so that emission unevenness in the plane region of 
the organic EL element may occur. 

[0063] In addition, While the detailed description on the 
method of manufacturing the back end Will be described 
beloW, When the hole injection layer 140A is formed through 
a liquid phase method, the convex portions 149a serves to 
make the thickness and quality of layer uniform. Thus, the 
hole injection layer 140A as Well as the light-emitting layer 
140B is ?attened. Accordingly, the short-circuit betWeen the 
electrodes and the unevenness of the luminance brightness 
due to the non-uniformity of the thickness and quality of 
layer are hardly occur, so that high-quality display light can 
be obtained. In addition, in the case in Which the convex 
portion 149a has the tilting plane 149s shoWn in FIG. 3(b), 
When the hole injection layer 140A is formed using the 
liquid phase method, the defect in forming the hole injection 
layer 140A is hardly generated so that the hole injection 
layer having the uniform ?lm thickness and quality can be 
easily formed. 

[0064] Therefore, according to the organic EL device of 
the present embodiment, the high image quality display With 

Dec. 29, 2005 

high luminance and high contrast can be achieved With the 
organic EL element 200 that emits bright light With high 
ef?ciency. 
[0065] Furthermore, the convex portions 149a also serve 
to enhance emission efficiency of the organic EL element 
200. FIG. 12 is a partial cross-sectional vieW of an organic 
EL element 200 for explaining operation related to the 
convex portion 149a. When a voltage from a poWer supply 
E is applied betWeen the common electrode 154 and the 
pixel electrode 141 constituting the organic EL element 200, 
electrons and holes are recombined in the light-emitting 
layer 140B to emit light, but this light isotropically scatters 
from the light-emitting position. For this reason, a compo 
nent in the direction of an element thickness (up and doWn 
direction) may easily be emitted as a display light, but a 
component in the direction of an element plane (left and 
right direction) is con?ned in the organic EL element 200 
since it is total re?ected at the interface betWeen the pixel 
electrode 141 made of the ITO and the planariZation insu 
lating ?lm 240 made of a transparent resin or an oxide 
silicon in the case of a bottom emission type organic EL 
device (optical path With respect to this, When the 
convex portions 149a are arranged on the pixel electrode 
141 as in the present embodiment, the optical component 
incident to the convex portions 149a after being total 
re?ected in the direction of the element plane is refracted to 
the pixel electrode 141 due to the difference of a refractive 
index of the hole injection layer 140A to the convex portion 
149a to emit light toWard the substrate P (optical paths L1 
and L2). With this, the emission ef?ciency of the organic EL 
element 200 can be enhanced to display a bright light. 
Moreover, When the hole injection layer 140A is made of 
compound of polyethylenedioxythiophene and polystyrene 
sulfonate (PEDOT/PSS), the refractive index thereof is 
about 1.8 and the refractive index of the pixel electrode 141 
made of ITO is about 2.1 to 2.2. In addition, When the 
convex portion 149a is made of silicon oxide (SiOZ), the 
refractive index thereof is about 1.4. 

[0066] Although the emission ef?ciency can be improved 
Without the cross-sectional shape of the convex portion 
149a, When the convex portion 149a has a tilting plane 149s 
thereon shoWn in FIG. 3(b), a propagating -direction per 
pendicular to the substrate P can be changed by refraction at 
the outer surface of the tilting plane 149s (optical path L1) 
or by re?ection at the inner surface (optical path L2) as 
shoWn in FIG. 12, so that the emission ef?ciency can be 
further improved. A tilting angle 0s of the tilting plane 149s 
of the convex portion shoWn in FIG. 3(b) is preferably in a 
range of 30° to 60°. When the tilting angle 0s is less than 
30°, the emission ef?ciency is not sufficiently enhanced. 
When the tilting angle is above 60°, the short-circuit 
betWeen the pixel electrode 141 and the common electrode 
154 or the variation of the luminance brightness due to the 
unevenness of the ?lm thickness or ?lm quality of the hole 
injection layer may easily occur. 

[0067] In addition, although the bottom emission type 
organic EL device has been described, emission ef?ciency 
can also be enhanced With the top emission type organic EL 
device. For the top emission type organic EL device, the 
pixel electrode 141 is made of a conductive ?lm re?ective to 
light, such as aluminum or silver, and the convex portions 
149 are formed thereon. HoWever, even With this construc 
tion, When light propagating in the direction of the plane of 
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the organic EL element is incident to the convex portions 
149a, the propagation direction can be changed so that 
display light can be easily emitted. 

[0068] In addition, although the present embodiment has 
been described about the case in Which the convex portions 
149a are substantially as high as the inorganic bank 149, the 
height of the convex portions 149a is not limited hereto but 
can be adjusted appropriately. In other Words, since the part 
of the hole injection layer 140A is interposed betWeen the 
light-emitting layer 140B and the convex portions 149a, 
When the hole injection layer 140A is formed thin, the 
convex portion 149a can be formed thin accordingly. 
Although the convex portions 149a are made of the same 
material as that of the inorganic bank 149, e.g., made of 
silicon oxide, the convex portion 149a and the inorganic 
bank 149 may be made of a different material, and metal 
oxide such as titanium oxide, for example. Alternatively, the 
convex portion 149a may also be made of a conductive 
material. For example, the surface of the pixel electrode 141 
may be formed in a convex shape. 

Second Embodiment 

[0069] While a case Where the hole injection layer 140A is 
in a single layer has been described in the ?rst embodiment, 
the present invention can be also applied to a case Where the 
hole injection layer 140A has a multiple-layered structure 
having more than tWo layers. FIG. 10 is a partial cross 
sectional vieW of an organic EL device When a tWo-layered 
hole injection layer 140A is formed, Which corresponds to 
FIG. 3(a). 

[0070] As shoWn in FIG. 10, When the hole injection layer 
140A comprises a ?rst hole injection layer 140A1 and a 
second hole injection layer 140A2 deposited thereon, the 
convex portions 149a arranged on the pixel electrode 141 
are formed to have any height less than a height in Which the 
convex portion 149a does not penetrate the second hole 
injection layer 140A2 serving as the uppermost layer (layer 
near the light-emitting layer 140B). For example, although 
the convex portion 149a penetrates the ?rst hole injection 
layer 140A1 and the top portion thereof is arranged on the 
second hole injection layer 140A2 in FIG. 10, the convex 
portion 149a may be arranged in the ?rst hole injection layer 
140A1. In a certain case, the hole injection layers 140A1 and 
140A2 can be ?attened and uniform Without degrading 
charge transport in the light-emitting layer 140B, so that the 
uniform emission can be obtained and an organic EL ele 
ment having a high brightness can be formed. 

Third Embodiment 

[0071] Next, an organic EL device according to a third 
embodiment of the present invention Will be described With 
reference to FIG. 13. FIGS. 13(a) to 13(a) are plan vieWs 
shoWing a pixel 71 of the organic EL device according to the 
third embodiment, Which are corresponding to FIG. 2(b). 

[0072] While the convex portion 149a arranged on the 
pixel electrode 141 is formed in a stripe type in a plan vieW 
in the ?rst embodiment, according to the organic EL device 
of the third embodiment, a plurality of substantially dotted 
protrusions (convex portion) 149c is formed on the pixel 
electrode 141, as shoWn in FIG. 13. Moreover, a difference 
betWeen the organic EL device of the third embodiment and 
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the organic EL device 70 of the ?rst embodiment is only an 
arrangement of the convex portion, and others are common. 

[0073] A shape of the protrusion 149c is not speci?cally 
limited, but may be various types such as a circular cylinder, 
a polygonal cylinder, a circular cone, a polygonal cone, a 
slightly higher and ?at circular cone, and a slightly higher 
and ?at polygonal cone. In addition, it may not be in a 
symmetric shape in plan vieW or side vieW. 

[0074] FIG. 13(a) shoWs a structural example in Which 
the protrusions 149c are arranged at constant intervals on an 
electrode surface 141a (a surface of the pixel electrode 141 
coming in contact With the region surrounded by the bank 
150). FIG. 13(b) shoWs an exemplary arrangement in Which 
the protrusions 149c are arranged in high density (narroW 
gap) at the circumferential portion of the electrode surface 
141a. FIG. 13(c) shoWs an exemplary arrangement in Which 
the protrusions 149c are arranged in high density at the 
circumferential portion and the corner portions of the elec 
trode surface 141a. FIG. 13(a) shoWs an exemplary arrange 
ment in Which the protrusions 149c are arranged in high 
density at the circumferential portion and the corner portions 
of a substantially rectangular electrode surface 141a in a 
plan vieW, as Well as at the center of the electrode surface 
141a. 

[0075] With the respective exemplary arrangements 
shoWn in FIGS. 13(a) to 13(a), the same effect as the convex 
portion 149a of the above-mentioned embodiments can also 
achieved, so that the organic EL device With Which a bright 
display having a uniform, high ef?cient emission is enabled 
can be obtained. In particular, With the arrangements shoWn 
in FIGS. 13(b) to 13(a'), When the hole injection layer 140A 
is formed through a liquid phase method, the liquid material 
can be retained in a region Where the thickness of ?lm 
becomes thin, so that a uniform thickness and the hole 
injection layer 140A having the uniform thickness can be 
formed. In addition, according to the arrangement shoWn in 
FIG. 13(a), When the pixel is formed in an elongated shape, 
for example, having a ratio of a short side to a long side of 
1:2 or more, the protrusions 149c arranged in high density 
at the center can prevent liquid material from being spread 
over the circumferential portion of the electrode surface 
141a for the center thereof to become thin. 

[0076] Furthermore, While the plane dimension or protru 
sion height of the protrusion 149c may be adjusted to proper 
siZe or height in response to a siZe of the pixel (plane region 
surrounded by the bank 150), resistance of the hole injection 
layer increases With the small region in Which the surface of 
the pixel electrode 141 is covered by the protrusion 149, so 
that the luminance is easily degraded. In order to suppress 
the degradation of the luminance While improving unifor 
mity of the thickness of the organic functional layer and 
improving the emission ef?ciency, a total area of the pro 
trusions 149c is preferably about 10% or less With regard to 
the area of the pixel electrode 141. In addition, even When 
the convex portion 149 is formed in a stripe shape in a plan 
vieW as shoWn in FIG. 2, the same region ratio is preferably 
provided. 

[0077] (Fabrication Method of Organic EL Device) 

[0078] A method of manufacturing an organic EL device 
according to the present invention Will noW be described 
With reference to the accompanying draWings. In the present 
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embodiment, a method of manufacturing the organic EL 
device arranged as shown in FIGS. 1 to 3 using a liquid 
droplet ejection method (inkjet method) Will be described. 

[0079] <Liquid Droplet Ejection Device> 

[0080] First, prior to explaining the fabrication method, a 
liquid droplet ejection device that can be appropriately used 
to fabricate an organic EL device Will be described. FIG. 4 
is a schematic perspective vieW of a liquid droplet ejection 
device used for manufacturing an organic EL device of the 
present invention. In addition, FIGS. 5 and 6 are diagrams 
shoWing a liquid droplet ejection head arranged on the liquid 
droplet ejection device. 

[0081] In FIG. 4, a liquid droplet ejection device I] is a 
?lm formation device in Which a liquid droplet (ink droplet) 
can be placed on a surface (predetermined plane) of a 
substrate P, comprising a base 12; a stage (stage device) ST 
arranged on the base 12 to support the substrate P; a ?rst 
moving device 14 interposed betWeen the base 12 and the 
stage ST to movably support the stage ST; a liquid droplet 
ejection head 20 for quantitatively ejecting (dropping) the 
liquid droplet that contains material for forming an organic 
functional layer, on the substrate P supported by the stage 
ST; and a second moving device 16 for movably supporting 
the liquid droplet ejection head 20. Operation of the liquid 
droplet ejection device I] such as liquid droplet ejection 
operation by the liquid droplet ejection head 20 and the 
movement operation by the ?rst and second moving devices 
14 and 16 is controlled using a control device CONT. 

[0082] The ?rst moving device 14 is arranged on the base 
12, and is located along the Y-axis direction. The second 
moving device 16 is supported on the upper side of the ?rst 
moving device 16 by using pillars 16A and 16A standing at 
a back portion 12A of the base 12. The X-axis direction of 
the second moving device 16 is perpendicular to the Y-axis 
direction of the ?rst moving device 14. Here, a Y-axis 
direction refers to a direction along a front portion 12B and 
the back portion 12A of the base 12. With regard to this, an 
X-axis direction refers to a direction along left and right side 
of the base 12, and these tWo directions are in the same 
plane. In addition, a Z-axis direction is a direction perpen 
dicular to X-axis direction and Y-axis direction. 

[0083] The ?rst moving device 14 comprises tWo guide 
rails 40 having a linear motor; and a slider 42 movable along 
the guide rails 40 and 40. The slider 42 of the linear-motor 
type ?rst moving device 14 can be located in Y-axis direc 
tion along the guide rail 40. The slider 42 has a motor 44 for 
Z-axis rotation (GZ). The motor 44 is, for example, a direct 
drive motor, and a rotor of the motor 44 is ?xed to the stage 
ST. With this, the motor 44 is energiZed and the rotor and the 
stage ST are rotated along a GZ direction, so that the stage 
ST can make an index (rotational division). In other Words, 
the ?rst moving device 14 can move the stage ST along the 
Y-axis direction and GZ direction. 

[0084] The stage ST holds the substrate P to locate at a 
predetermined position. In addition, the stage ST has an 
adsorbing and holding device 50, and by operating the 
adsorbing and holding device 50, the substrate P can be 
adsorbed and held on the substrate P via an adsorption hole 
46A arranged on the stage ST. 

[0085] The second moving device 16 comprises a column 
16B arranged by a linear motor and ?xed to pillars 16A and 
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16A; a guide rail 62A supported by the column 16B; and a 
slider 60 supported movably in X-axis direction along the 
guide rail 62A. The slider 60 can be located by moving along 
the guide rail 62A in X-axis direction. The liquid droplet 
ejection head 20 is mounted on the slider 60. 

[0086] The liquid droplet ejection head 20 comprises 
motors 62, 64, 66, and 68 as a ?uctuation-locating device. 
When the motor 62 is driven, the liquid droplet ejection head 
20 can be located upWard and doWnWard along Z-axis. The 
Z-axis is a direction (vertical direction) perpendicular to the 
X axis and the Y axis, respectively. When the motor 64 is 
driven, the liquid droplet ejection head 20 can be located by 
?uctuating along a [3 direction of the Y-axis rotation. When 
the motor 66 is driven, the liquid droplet ejection head 20 
can be located by ?uctuating along a y direction of the 
X-axis rotation. When the motor 68 is driven, the liquid 
droplet ejection head 20 can be located by ?uctuating in a 0t 
direction of the Z-axis rotation. In other Words, the second 
moving device 16 can support the liquid droplet ejection 
head 20 so as to be movable in the X-axis direction and 
Z-axis direction, and the liquid droplet ejection head 20 so 
as to be movable in the 0X direction, BY direction, and GZ 
direction. 

[0087] As such, the liquid droplet ejection head 20 of FIG. 
4 can be located by moving straight in the Z-axis direction 
against the slider 60, and can be located by moving along 0t, 
[3, and y, and an ejection plane 20P of the liquid droplet 
ejection head 20 can be exactly located or is subjected to a 
control of a pose against the substrate P of the stage ST. In 
addition, the ejection plane 20P of the liquid droplet ejection 
head 20 has a plurality of noZZles thereon for ejecting liquid 
droplet. 
[0088] FIG. 5 is an exploded perspective vieW shoWing a 
liquid droplet ejection head 20. The liquid droplet ejection 
head 20 comprises a noZZle plate 80 having a plurality of 
noZZles 81; a pressure chamber substrate 90 having a 
vibration plate 85; and a case 88 for inserting and supporting 
the vibration plate 85 into the noZZle plate 80. 

[0089] As shoWn in the partial perspective cross-sectional 
vieW of FIG. 6, in the main unit of the liquid droplet ejection 
head 20, the pressure chamber substrate 90 is interposed 
betWeen the noZZle plate 80 and the vibration plate 85. The 
noZZles 81 of the noZZle plate 80 correspond to the pressure 
chamber (cavity) 91 partitioned in the pressure chamber 
substrate 90. By etching a single crystal silicon substrate, the 
pressure chamber substrate 90 has a plurality of cavities 91 
so that each cavity acts as a pressure chamber. The cavities 
91 are divided by a sideWall 92. Each cavity 91 is connected 
to a reservoir 93, Which is a common ?oW path, through a 
feed opening 94. The vibration plate 85 is made of, for 
example, a thermal oxide ?lm. 

[0090] Atank opening 86 is provided in the vibration plate 
85 such that any liquid droplet can be supplied from a tank 
30 shoWn in FIG. 4 to a pipe (?oW path) 31. ApieZoelectric 
element 87 is arranged on the position corresponding to the 
cavity 91 on the vibration plate 85. The pieZoelectric ele 
ment 87 has a structure in Which a pieZoelectric ceramic 
crystal such as a PZT element is interposed betWeen an 
upper electrode and a loWer electrode (not shoWn). Volume 
of the pieZoelectric element 87 can be changed in response 
to an ejection signal supplied from a control device CONT. 

[0091] To eject liquid droplet from the liquid droplet 
ejection head 20, ?rst, the control device CONT supplies the 
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ejection signal for ejecting the liquid droplet to the liquid 
droplet ejection head 20. The liquid droplet ?oWs into the 
cavity 91 of the liquid droplet ejection head 20, so that, in 
the liquid droplet ejection head 20 to Which the ejection 
signal is supplied, volume of the pieZoelectric element 87 is 
changed due to the voltage applied betWeen the upper 
electrode and the loWer electrode. The volume change of the 
cavity 91 is obtained by deforming the vibration plate 85. As 
a result, liquid droplet is ejected from the noZZle hole 211 of 
the cavity 91. The cavity 91 into Which liquid droplet is 
ejected is supplied With liquid material, Which is reduced 
due to the ejection, from a tank 30 described beloW. 

[0092] While the liquid droplet ejection head 20 provided 
in the liquid droplet ejection device I] according to the 
present embodiment cause the volume change of the pieZo 
electric element to eject liquid droplet, the liquid crystal may 
be ejected by heating and expanding a liquid material using 
a heating body. 

[0093] Referring back to FIG. 4, the liquid material 
arranged on the substrate P is provided from a liquid 
material adjusting device S. The liquid material adjusting 
device S comprises a tank 30 capable of accommodating the 
liquid material; a temperature adjusting device 32 attached 
to the tank 30 for adjusting a temperature of the liquid 
material contained in the tank 30; and a stirring device 33 for 
stirring the liquid material contained in the tank 30. The 
temperature adjusting device 32 includes a heater to adjust 
the liquid material contained in the tank 30 to any tempera 
ture. The temperature adjusting device 32 is controlled by a 
control device CONT and the liquid material contained in 
the tank 30 is adjusted to a desired viscosity through 
temperature adjustment of the temperature adjusting device 
32. 

[0094] The tank 30 is connected to the liquid droplet 
ejection head 20 through the pipe (?oW path) 31, and the 
liquid droplet of the liquid material ejected from the liquid 
droplet ejection head 20 is supplied from the tank 30 through 
the pipe 31. In addition, the liquid material ?oWing the pipe 
31 is controlled to a predetermined temperature using the 
pipe temperature adjusting device (not shoWn) to control 
viscosity. Moreover, the temperature of the liquid droplet 
ejected from the liquid droplet ejection head 20 is controlled 
by a temperature adjusting device (not shoWn) arranged in 
the liquid droplet ejection head 20 so that the desired 
viscosity can be adjusted. 

[0095] Although one liquid droplet ejection head 20 and 
one liquid material adjusting device S are respectively 
shoWn in FIG. 4, the liquid droplet ejection device I] has a 
plurality of liquid droplet ejection heads 20 and liquid 
material adjusting devices S so that liquid droplets having 
the same or different liquid material are ejected from the 
plurality of liquid droplet ejection heads 20, respectively. In 
addition, the ?rst liquid material is dropped to the substrate 
P from the ?rst liquid droplet ejection head among the 
plurality of liquid droplet ejection heads 20, and then the 
?rst liquid material is baked or dried. Next, the second liquid 
material is dropped to the substrate P from the second liquid 
droplet ejection head among the plurality of liquid droplet 
ejection heads 20, and then the second liquid material is 
baked or dried. Then, the same processing is repeated using 
the plurality of liquid droplet ejection head. Thus, a plurality 
of material layers is deposited on the substrate P so that a 
multi-layer pattern can be formed. 
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[0096] <Fabrication Method of Organic EL Device> 

[0097] Next, a method of manufacturing an organic EL 
device (organic electroluminescent device) according to the 
present invention using the above-mentioned liquid droplet 
ejection device I] Will be described, but an order and a 
material composition of the liquid material described beloW 
are just illustrative only, and the present invention is not 
limited thereto. 

[0098] Amethod of manufacturing an organic EL element 
arranged on the organic EL device 70 Will be described With 
reference to FIGS. 7 and 8. Here, in FIGS. 7 and 8, only 
a single pixel 71 is shoWn for the sake of simplicity of 
illustration. In the organic EL device according to the 
present invention, both an arrangement in Which light of the 
organic EL element emits from the substrate side (bottom 
emission) and an arrangement in Which light of the organic 
EL element emits from the opposite side of the substrate (top 
emission) can be employed. HoWever, in the present 
embodiment, the top emission type organic EL device Will 
be illustrated. 

[0099] First, as shoWn in FIG. 7(a), a driving TFT 143 is 
formed on the substrate P. In the top emission type, the 
substrate may be opaque so that ceramics such as alumina, 
an insulation processed metal sheet such as a surface oxi 
diZed stainless, a thermosetting resin, and a thermoplastic 
resin may also be used. Further, a glass substrate that has 
been used for a liquid crystal device can also be employed. 

[0100] Aprocedure of manufacturing the driving TFT 143 
is as folloWs, for example. 

[0101] First, a base protective ?lm (not shoWn) made of a 
silicon oxide layer is formed on the substrate P in about 200 
to 500 nm through a plasma CVD method using tetraethox 
ysilane (TEOS) or an oxygen gas. Next, by setting a sub 
strate temperature to about 350° C., an amorphous silicon 
?lm is formed on a surface of the substrate P in about 30 to 
70 nm through a plasma CVD method, and a semiconductor 
?lm 210 is formed by patterning the silicon layer using a 
Well-knoWn photolithography technology. In addition, the 
semiconductor ?lm 210 is crystalliZed to form a polysilicon 
?lm by performing a crystalliZation process such as a laser 
annealing or solid phase groWth method. In the laser anneal 
ing, a line beam having a long dimension of an excimer laser 
beam of 400 mm can be used, and output intensity thereof 
is, for example, 200 mJ/cm2. The line beam is scanned such 
that portions corresponding to 90% of a peak value of laser 
intensity for a short dimension direction overlap for respec 
tive regions. 

[0102] Next, a gate insulating ?lm 220 made of a silicon 
oxide ?lm or a silicon nitride ?lm is formed on the semi 
conductor ?lm 210 and the substrate P in a thickness of 
about 60 to 150 nm through a plasma CVD method using 
TEOS or an oxygen gas as a raW material. In addition, 
although a channel region and source and drain regions of 
the driving TFT 143 as shoWn in FIG. 1 are formed in the 
semiconductor ?lm 210, other semiconductor ?lm is also 
provided in Which a channel region and source and drain 
regions of the sWitching TFT 142 placed at other cross 
section are formed. In other Words, When manufacturing the 
driving TFT 143 shoWn in FIG. 7(a), tWo types of transis 
tors 142 and 143 can be fabricated at the same time. 

[0103] Next, a conductive ?lm made of a metal ?lm such 
as aluminum, tantalum, molybdenum, titanium, tungsten, or 














